Searching PAJ 



1/1^— 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 06-053120 
(43)Dat6 of publication of application : 25.02.1994 











(SDlntCI. 




H01L 21/027 








G03F 7/20 




(21)Application number 


: 04-21 9782 


(71)Applicant 


: NIKON CORP 


(22)Date of filing : 

tr. — r. ■■ ■ 


27.07.1 992 


(72)Inventor : 


SHIBUYA MASATO 



(54) ILLUMINATING OPTIC DEVICE 
(57)Abstract: 

PURPOSE: To improve image contrast for oblique 
illumination performed by a plurality of illuminating 
devices when a reticle pattern is a line-and-space 



pattern whose lengthwise direction is vertical to the 
incident plane of the illuminating light. 
CONSTITUTION: Four apertures 24a-24d of a space 
filter as a secondary light source forming part are 
covered with a polarizing plates 24A-25D and the 
polarizing direction of the polarizing plates 25A-25D 
is set In the direction of the tangential line of a 
circumference whose axis is an optical axis AX. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]In an illumination optical device illuminated uniformly, a predetermined region on an 
object by illumination light from an illumination-light study system said illumination-light 
study system, An illumination optical device having a polarization means which forms 
illumination light which carries out linear polarization in the direction which intersected 
perpendicularly to an entrance plane of tilted light means forming which forms tilted light 
which illuminates said predetermined region from an oblique direction, and said tilted light 
which changes this tilted light and carries out oblique illumination of said predetermined 
region. 

[Claim 2]In an illumination optical device which has a light source which supplies illumination 
light, and a condensing optical system which illuminates a predetermined region on an object 
uniformly by this illumination light, Arrange tilted light means forming which forms a 
secondary light source which carried out eccentricity to an optic axis of said condensing 
optical system by said illumination light, and illuminates said predetermined region from an 
oblique direction between said light source and said condensing optical system, and this 
tilted light is changed, An illumination optical device having arranged a polarization means 
which forms illumination light which carries out linear polarization in the direction which 
intersected perpendiculariy to an entrance plane of tilted light which carries out oblique 
illumination of said predetermined region between said tilted light means forming and said 
condensing optical system. ^ 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is applied to the illumination system of the projection 
aligner used when manufacturing a semiconductor device or a liquid crystal display element, 
for example, and relates to a suitable illumination optical device, 
[0002] 

[Description of the Prior Art]When manufacturing a semiconductor device or a liquid crystal 
display element using photolithography technology, the projection aligner which transfers a 
photo mask or the pattern of reticle (it is hereafter named "reticle" generically) on a 
sensitized substrate is used. In this projection aligner, it is required with high integration of a 
semiconductor device etc. that a more detailed pattern should be printed with high 
resolution. The phase shift reticle method for using the cross protection of the light from the 
area pellucida from which the pattern space of reticle differs as a method of realizing this is 
indicated by JP,S62-50811,B. If this method is applied to a line and space image, the zero- 
order diffracted light will be lost fundamentally, and it becomes the image formation only by 
the primary [ **] diffracted light, and a line and space image more detailed than the case of 
the conventional reticle can be printed in high resolution also by the projection optical 
system of the same numerical aperture. 

[0003]An illumination-light study system is devised as another approach for raising resolution 
more, The method which is high resolution and can be printed with the comparatively deep 
depth of focus in a detailed pattern is proposed by these people (for example, March, 1 992 
applied physics relation union lecture meeting proceedings 30-a-NA-3, four references). 
Below, the method is called "two or more oblique illumination method", and is explained per 
the method with reference to drawing 8 . In [ drawing 8 (a) first shows the equivalent light 
source parts 10, such as a secondary light source part in the illumination-light study system 
which applied two or more oblique illumination method, and ] this drawing 8 (a). In accordance 
with the symmetrical axis, the four small light sources 1 1 A-1 1 D are arranged about axis x' 
which crosses at 45 degrees to the x axis and the y-axis which form a rectangular 
coordinate system, respectively and this axis x\ and the y-axis. In the case of the line and 
space pattern in which the pattern of the reticle made into a transfer object has long edge 
mainly parallel to a x axis, or long edge parallel to the y-axis, the arrangement of these small 
light sources 1 1A-11D is suitable. 

[0004]In [ drawing 8 (b) shows the outline composition of the projection aligner which uses 
the equivalent light source part 10 of that drawing 8 (a) as a light source, and ] this drawing 8 
(b). The chief ray 15A of the illumination light from the small light source 11 A of the 
equivalent light source part 10 is aslant irradiated by the reticle 12 to the optic axis AX via 
the condenser-lens system which carried out figures omitted abbreviated. The equivalent 
light source parts 10 are the pupil surface (entrance pupil side) 10A of the projection optical 
system 13, and conjugate, and the aperture diaphragm 13a is formed in this pupil surface. 
The zero-order diffracted light (this is also expressed with the numerals 1 5A) and the 
primary diffracted light 16A are ejected from the reticle 12 almost symmetrically to the optic 
axis AX, and these zero-order diffracted light 1 5A and the primary diffracted light 1 6A enter 
**** into the wafer 14 as a sensitized substrate by the almost same incidence angle theta in 
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the projection optical system 1 3. In this case, in order that the zero-order diffracted light 
15A and the primary diffracted light may receive in optic-axis AX and may pass through the 
neighborhood of a periphery of a pupil symmetrically, the resolution to the performance limit 
of the projection optical system 13 is obtained. 

[0005]In the method into which the zero-order diffracted light enters at right angles to the 
wafer 14 like before, since the wavefront aberration of the zero-order diffracted light to the 
defocusing amount of the wafer 14 differs from the wavefront aberration of other diffracted 
lights greatly, the depth of focus is shallow. On the other hand, in the composition of drawing 
8_(bX since the zero-order diffracted light and the primary diffracted light enter into the 
wafer 14 by an equal incidence angle, the depth of focus on which a phase etc. spread the 
wavefront aberration of the zero-order diffracted light in case the wafer 14 is before and 
behind the focal position of the projection optical system 13, and the primary diffracted light 
is deep. 
[0006] 

[Problem(s) to be Solved by the Invention]It is effective if it is the line and space pattern 8 
of X shaft orientations or y shaft orientations in the two or more oblique illumination method. 
On the other hand, as shown in drawing 9 . long edge to a x axis or the y-axis in the case of 
the line and space pattern 9 of a 45-degree direction. Supposing 10A is a pupil of a 
projection optical system, the diffracted light from small 2 [ 1 1B and 1 1 D ] of the four small 
light sources 1 1A-11D of drawing 8 (a). Only the zero-order diffracted lights 15B and 15D 
pass the pupil 1 0A of a projection lens, and in order that the primary [ **] diffracted lights 
16B and 16D may not pass the pupil 10A, they will not form a pattern on the wafer 14 and 
will only illuminate the wafer 14 uniformly. As a result, the contrast of the pattern on the 
wafer 14 will fall. 

[0007]Easy numerical computation shows this. The strength of the primary [ **] diffracted 
light to the strength of the zero-order diffracted light is set to a, and it is considered that 
each small light sources 1 1A-1 ID are the point light sources. At this time, image-intensity- 
distribution I(x) on the x axis in the case of a line and space pattern long to y shaft 
orientations is as follows as the sum of the image intensity distribution by each small light 
source. 
[Equation 1] 

I(x)=4{1+a^+2 a-cos[(4 pi/lambda) (sintheta) x]} 

[0008]Here, as the incidence angle theta is shown in drawing 8 (b). the zero-order diffracted 
light or the primary [ **] diffracted light is the optic axis AX and an angle to make. On the 
other hand, when x' axis is set as the axis of coordinates of the direction of 45 degree in the 
case of a line and space pattern long in the direction which intersects a x axis or the y-axis 
at 45 degrees, the intensity distribution I (x') is as follows. 
[Equation 2] 

I(x') = 2 {1+a2+2 a-cos [(4 pi/lambda) (sintheta) x]] 
+2(1} 

= 4(1-KaV2)+a -cos [(4 pi/lambda) (sintheta) x]} 

[0009]It is as follows when it asks for (several 1 ) and (several 2) to the contrast Ox of each 
intensity distribution and Cx'. 
[Equation 3] 

Cx=2a/(1+a^), Cx'=a/(1+aV2) 

[0010]]n this case, a following formula is materialized. 

Cx-Cx'=a/{(1+a^) (1+aV2)} >0, therefore a following formula are materialized. 
[Equation 4]Cx>Cx' [001 1]Therefore, the fall of the contrast of a long pattern is shown in the 
direction which intersects a x axis at 45 degrees. For example, since the strength a of the 
primary [ **] diffracted light is set to 2/pi when the width of a line and a space is equal, it 
becomes like a following formula. 

Cx=0.906, Cx'=0.529 [001 2] Although above-mentioned explanation explained the case of two 
or more oblique illumination method as an example, even when zona-orbicularis illumination 
etc. are used, for example, to improve the contrast of an image more is desired. In the 
illumination optical device with which this invention illuminates reticle etc. in view of this 
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point using tlie illumination light inclined to the optic axis positively, When patterns, such as 
the reticle, are line and space patterns which make a longitudinal direction a direction 
vertical to the entrance plane of the illumination light, It aims at enabling it to improve the 
contrast of the image with the device by the side of an illumination optical device, when 
patterns, such as the reticle, are projected by a projection optical system. 
[001 3] 

[Means for Solving the Problemjin an illumination optical device in which the 1st illumination 
optica! device by this invention illuminates a predetermined region on an object (12) uniformly 
by illumination light from an illumination-light study system as shown, for example in drawing 
3, Tilted light means forming (24) in which the illumination-light study system forms tilted 
light (27B, 27C) which illuminates the predetermined region from an oblique direction, This 
tilted light is changed and it has a polarization means (25B, 25C) which forms illumination 
light which carries out linear polarization in the direction which intersected perpendicularly to 
an entrance plane of that tilted light that carries out oblique illumination of that 
predetermined region. 

[0014]In an illumination optical device with which the 2nd illumination optical device has a 
light source (20) which supplies illumination light, and a condensing optical system (26) which 
illuminates a predetermined region on an object (12) uniformly by this illumination light as 
shown, for example in drawing 3 . Tilted light means forming (24) which forms a secondary 
light source which carried out eccentricity to an optic axis of the condensing optical system 
by the illumination light, and illuminates the predetermined region from an oblique direction is 
arranged between the light source (20) and its condensing optical system (26), This tilted 
light is changed and a polarization means (25B. 250) which forms Illumination light which 
carries out linear polarization in the direction which intersected perpendicularly to an 
entrance plane of tilted light which carries out oblique illumination of that predetermined 
region is arranged between that tilted light means forming (24) and its condensing optical 
system (26). 
[0015] 

[FunctipnjHereafter, the illumination light from four small light sources which carried out 
eccentricity per principle of this invention explains taking the case of two or more oblique 
illumination method which illuminates an object. First, according to the 1st illumination optical 
device of this invention, as shown, for example in drawing 3 , The tilted light (278, 27C) which 
illuminates an objective (12) predetermined region from an oblique direction is formed, and 
linear polarization (an electric vector vibrates in the direction vertical to an entrance plane) 
of these tilted light (278, 27C) is carried out in the direction vertical to the entrance plane 
(space) to an object (12), respectively. Linear polarization means the state where the 
vibrating direction of the electric vector of a light wave is in 1 flat surface, and the vibrating 
direction of an electric vector is defined as the direction of linear polarization. With an 
entrance plane, when light reaches the interface of a medium, it is defined as a field including 
the normal of the field in the point, and the incidence direction of light If the illumination 
optical device of the drawing 3 is simplified, it will become like drawing 1 . 
[0016]In [ drawing 1 (a) shows the equivalent light source parts 10, such as a secondary light 
source part of the illumination optical device of drawing 3 . and ] this drawing 1 (a). In 
accordance with the symmetrical axis, the four small light sources 1 1 A-1 ID are arranged 
about axis x' which crosses at 45 degrees to the x axis and the y-axis which form a 
rectangular coordinate system, respectively and this axis x', and the y-axis. 
[001 7] Drawing 1 (b) shows the outline composition of the projection aligner which used the 
illumination optical device of that drawing 3 , and its equivalent light source part 10 is equal to 
the equivalent light source part of drawing 1 ( a) in this drawing 1 ( b). The chief ray 15A of 
the exposing light from the small light source 11 A of the equivalent light source part 10 is 
aslant irradiated by the reticle 12 to the optic axis AX via the condenser-lens system which 
carried out figures omitted abbreviated. The chief ray 1 5A corresponds to the tilted light 
(278, 27C) of drawing; 3 . Since the entrance plane of the chief ray 15A is parallel to the 
space of drawing 1 (b), according to this invention, linear polarization (an electric vector 
vibrates in the direction vertical to space) of the chief ray 15A is carried out in the direction 
vertical to the space of drawing 1 ( b), and it enters into the reticle 12. Similariy, in drawing 1 
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(a), linear polarization of the light from each small light sources 11B-1 1D is carried out in the 
direction, i.e.. the direction vertical to the entrance plane to the reticle 12, of the arrow of 
drawing 1 (a), and it enters into the reticle 1 2 of drawing 1 (b). 

[0018]The zero-order diffracted light (this is also expressed with the numerals 15A) and the 
primary diffracted light 16A from the reticle 12 enter on the wafer 14 through the projection 
optical system 13. First, supposing the pattern formed in the reticle 12 is a line and space 
pattern long in a direction parallel to the x axis or the y^axis of drawing 1 (a) which is a 
suitable pattern for a conventional example. Since the polarization direction is the direction 
of 45 degree to the pattern, the illumination light diffracted by the x direction or the y 
direction with the pattern is in the same image formation situation as random polarization. 
Therefore, contrast is the same as a conventional example. 

[0019]On the other hand, supposing the pattern formed in the reticle 12 is the line and space 
pattern 9 long in a direction vertical to x axis of drawing 1 ( a), the primary diffracted light of 
the illumination light 15A from the small light source 11A will enter in the pupil of the 
projection optical system 13. In drawing 1 (b), x' axis is space and parallel. Here, as shown in 
drawing 1 (b), the zero-order diffracted light 15A and the primary diffracted light 15B of the 
illumination light 15A are S polarization (light to which an electric vector vibrates in the 
direction vertical to the space of drawing 1 (b)) with both polarization directions (direction in 
which an electric vector vibrates) parallel on the surface of the wafer 14. Therefore, it 
becomes larger than the time of the cross protection on the wafer 14 being random 
polarization, and the image of high contrast is made. For this reason, when it diffracts in the 
direction of x\ and a part of diffracted light comes out of a pupil, the conventional 
inconvenience that contrast falls will be compensated [ as explained using drawing 9 , ]. 
[0020]Here, the difference of the intensity distribution by a polarization direction is described 
below briefly. Drawing 2 has shown the situation the image surface, i.e.. near the surface of 
the wafer 14. using P polarization (light which has a vibrating direction of an electric vector in 
an entrance plane), and S polarization (light with a vibrating direction of an electric vector 
vertical to an entrance plane). When the incidence angle of the zero-order diffracted light 
15A and the primary diffracted light 16A is made into thetap and theta^, respectively, 

intensity distribution Is(x) on the image surface in S polarization is briefly shown as follows 
using amplitude distribution Us(x). 
[Equation 5] 

Is(x)=|lJs(x)|^ and Vs(x)=aQ and exp [-i(2 pi/lambda) (sinthetag) x] 

+ a^ and exp [-i(2 pi/lambda) (sintheta^ x] 

[0021]Therefore, intensity distribution Is(x) is as follows. 
[Equation 6] 

Is(x)=aQ ^+a^ ^"*"2aQa^ and cos [(2 pi/lambda) (sinthetag-sintheta^ x] 

Here, coefficient ag and a^ are the strength (amplitude) of the zero-order diffracted light and 

the primary diffracted light, respectively. In the case of the line and space pattern which has 
a pitch in the direction of x', since, as for two, only the zero-order diffracted light passes the 
projection optical system 13 among four small light sources, contrast Cs of S polarization is 
as follows. 

[Equation 7]Cs=2aQa/(2aQ2+a^2) 

[0022]On the other hand, in P polarization, x ingredient and z ingredient of polarization must 
be considered. A following formula will be obtained, if amplitude distribution Up(x) on the 
image surface in P polarization is expressed with a vector and x ingredient and z ingredient 
are shown. 
[Equation 8] 

Up(x)= (aQ and exp) [H(2 pi/lambda) (sin thetag) x] - cos thetag+a^ and exp [-i(2 pi/lambda) 
(sin theta^) x] - cos theta^ and Bq and exp [-i(2 pi/lambda) (sin thetag) x] - sin thetap+a^ 
and exp [-i(2 pi/lambda) (sin theta^) x] - sin theta^ 

[0023]Therefore, intensity distribution Ip(x) on the image surface in P polarization is as 
follows. 
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[Equation 9] 

Ip(x)=lUp(x)I^=aQ ^+a^ ^+2aQa^x (costhetaQCOStheta^+sinthetaQsintheta^ 

xcos [(2 pi/lambda) (sinthetaQ-sintheta^) x] 

[0024]Therefore, the contrast Cp in P polarization is as follows. 
[Equation 10] 

Cp=2aQa^cos(thetaQ-theta^)/(2aQ^+a^^) 

(Several 7) (several 10) is compared and, in P polarization, it turns out that contrast will be 
cos (thetaQ^heta^ twice. For example, considering the case of sinthetaQ=0.4 and 

sintheta^=-0.4, it is set to cos(thetaQ-thetap =0.68, and, the case of P polarization, and in 

the case of S polarization, a big difference sticks. Since random polarization is considered to 
be an average with P polarization and S polarization, contrast is =(l(l/2)+0.68) 0.84. 
[0025]Thus, a big difference arises in contrast by considering it as S polarization. That is, 
when the illumination light of a polarization condition like drawing 1 (a) is used, the increase 
in the contrast of about twenty percent is conventionally expected to a line and space 
pattern with parallel edge in the direction which crosses at 45 degrees to a x axis and the y- 
axis, and it turns out that it is effective in a minute pattern. 

[0026]Although explained until now taking the case of two or more oblique illumination 
method, What is necessary is just to change into the light which carries out linear 
polarization of the light from the light source of the shape of zona orbicularis of the 
equivalent light source part 10 to a direction respectively vertical to an entrance plane, i.e., 
the tangential direction of the circle centering on an optic axis, as shown, for example in 
drawing 7 (a) if this invention is applied to for example, zona-orbicularis illumination. 
[0027]Next, according to the 2nd illumination optical device of this invention, as shown, for 
example in drawing 3 , the secondary light source which carried out eccentricity by the 
illumination light from a light source although tilted light is formed is formed. If it considers 
that the secondary light source is the equivalent light source 1 0 of drawing 1 (a), above- 
mentioned explanation will be applied also to this invention as it is. 
[0028] 

[Example]Hereafter, with reference to drawing 3 a nd drawing 4 , it explains per 1st working 
example of the projection aligner provided with the illumination optical device by this 
invention. This example applies this invention to the illumination-light study system of a 
projection aligner. Drawing 3 shows the illumination-light study system of the projection 
aligner of this example, the illumination light from the light source 20 which consists of 
mercury lamps is condensed with the elliptic mirror 21 in this drawing 3 . and this condensed 
illumination light enters into the fly eye lens 23 (optical integrator) via the collimating lens 22. 
The secondary light source of surface state is formed in the focal plane by the side of 
ejection of the fly eye lens 23 (reticle side). 

[0029]The spatial filter 24 in which four openings which carried out eccentricity to the optic 
axis AX were formed near the ejection end of the fly eye lens 23 is formed. The polarizing 
plates 25A-25D are laminated on the reticle side (or it may be the light source 20 side) of 
four openings of this spatial filter 24, respectively. However, in drawing 3 , only the polarizing 
plates 25B and 250 have appeared. As it is the front view with which drawing 4 (a) looked at 
the spatial filter 24 of drawing 3 f rom the reticle side, and a sectional view where drawing 4 
(b) meets AA line of drawing 4 (a) and is shown in these drawing 4 (a) and (b). The four 
openings 24a-24d are formed in the spatial filter 24 at intervals of 90 degrees centering on 
the optic axis AX, and these openings are covered with the polarizing plates 25A~25D, 
respectively. The polarization direction of these polarizing plates 25A-25D is set as the 
tangential direction of the circumference centering on the optic axis AX, respectively, as an 
arrow shows. Therefore, linear polarization of the illumination light ejected from the openings 
24a-24d of the spatial filter 24 is carried out in the direction respectively almost parallel to 
the tangential direction of the circumference centering on the optic axis AX. 
[0030]It returns to drawing 3 and four secondary light sources which carried out eccentricity 
to the optic axis AX with the spatial filter 24 are formed. The illumination light ejected from 
these four secondary light sources enters into the reticle 12 through the condenser-lens 
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system 26, after passing the polarizing plates 25A--25D, respectively. The spatial filter 24 
(polarizing plates 25A-25D) is formed in the front side focal (light source side focus) position 
of the condenserHens system 26. 

The pattern formation face of the reticle 12 has an arrangement surface of the spatial filter 
24. and a relation of the Fourier transform about the condenserHens system 26. 
In this case, the chief rays 27B and 270 ejected, for example from the openings 24b and 24c 
of the spatial filter 24 enter aslant to the optic axis AX through the condenser-lens system 
26 on the reticle 12, respectively. Linear polarization of these chief rays 27B and 27C is 
carried out in the vertical direction to the entrance plane (the direction of space) to the 
reticle 1 2, respectively. 

[0031]If such an illumination-light study system is used, as principle explanation of this 
invention explained. For example, when the line and space pattern which has long edge in the 
parallel or vertical direction to the straight line which connects the openings 24a and 24c of 
drawing 4 (a) on the reticle 12 is formed. The pattern can be projected on the wafer 14 
through the projection optical system 13 under good contrast rather than before. Here, the 
incident side and object face (the reticle 12 or wafer 14) of the fly eye lens 23 are 
constituted by conjugate, and the ejection side (secondary light source 10) of the fly eye lens 

23 and the pupil surface 10A of the projection optical system 13 are constituted from a 
device of drawing 3 by conjugate, in addition — arranging another big polarizing plate 
between [ other than the composition of drawing 3 ] the fly eye lens 23 and the spatial filter 

24 — a part of four openings 24a-24d of the spatial filter 24 — or — boiling all and arranging 
1/2 wavelength plate — every — it may be made to adjust the angle of rotation of 1/2 
wavelength plate The illumination light which polarized also by this to the tangential direction 
of the circumference centering on the optic axis AX as shown in drawing 4 (a) is obtained. In 
this case, it is necessary to form 1/2 wavelength plate in no openings of the spatial filter 24 
depending on the polarization direction of another big polarizing plate. 

[0032]By using the laser light source that the laser beam of linear polarization is ejected, for 
example as a light source. What is necessary is just to form 1/2 wavelength plate of the 
suitable hand of cut for a part or all of the four openings 24a-24d of the spatial filter 24, in 
illuminating the whole spatial filter 24 of drawing 3 used as an equivalent light source by the 
illumination light of linear polarization. In this case, although it is also good for some openings 
to form 1/2 wavelength plate, it is effective when the way in which 1/2 wavelength plate is 
formed reduces the variation in Lighting Sub-Division to all openings. Thus, when a 
polarization direction is adjusted using 1/2 wavelength plate, since there is no loss of the 
illumination light illumination efficiency is good. 

[0033]When illuminating the spatial filter 24 of drawing 3 used as an equivalent light source 
using the device which generates the illumination light of circular light as a whole, it is good 
to form 1/4 wavelength plate of the suitable hand of cut for each opening of the spatial filter 
24. 

[0034]Next, with reference to drawing 5 , it explains per 2nd working example of this 
invention. Drawing 5 shows the projection aligner of this example, and the illumination light 
from the light source 20 becomes a parallel pencil mostly in this drawing 5 t hrough the 
elliptic mirror 21. the bending mirror 28. and the input lens 29. Supply of the illumination light 
to the input lens 29 is suspended at any time by bending with that elliptic mirror 21, arranging 
the shutter 30 between the mirrors 28. and closing this shutter 30 with the drive motor 31. 
As the light source 1, the excimer laser etc. which generate a KrF laser beam etc.. for 
example can be used out of a mercury lamp. When using an excimer laser, a beam expander 
etc. are used instead of the optical system to the elliptic mirror 21 ~ the input lens 29. 
[0035]And the 2nd polyhedral prism 33 that has heights of the 1 st polyhedral prism 32 and a 
four-sided pyramid type (pyramid type) which have a four-sided pyramid type (pyramid type) 
crevice sequentially from the input lens 29 is arranged. The illumination light ejected from 
this 2nd polyhedral prism 33 is divided into the circumference of the optic axis with 
equiangularity centering on the optic axis at four light flux, 

[0036]the light flux divided into these four pieces is entered in the fly eye lenses 34A, 34B, 
34C, and 34D of the 2nd group, respectively. Although only the fly eye lenses 34A and 34B 
are shown by drawing 5 , on both sides of the optic axis, the two fly eye lenses 340 and 34D 
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are arranged in the direction vertical to the space of drawing 5 . And the light flux ejected 
from the fly eye lens 34A is mostly changed into a parallel pencil via the guide light study 
system which consists of the lens systems 35A and 36A, and enters into the fly eye lens 
37A of the 1st group. Similarly the light flux which ejected the fly eye lens 34B of the 2nd 
group. It is mostly changed into a parallel pencil via the guide light study system which 
consists of the lens systems 35B and 36B, and enters into the fly eye lens 37B of the 1 st 
group, which carries out figures omitted abbreviated, and the light flux which ejected the 
fly eye lenses 34C and 34D of the 2nd group enter into the fly eye lenses 37C and 37D of 
the 1st group via a guide light study system, respectively. 

[0037]The fly eye lenses 37A-37D of the 1st group are arranged at intervals of 90 degrees 
around the optic axis. Although the secondary light source of surface state is formed in the 
reticle side focal plane of the fly eye lenses 37A-37D of the 1 st group, respectively, the 
variable aperture diaphragms 38A-38D are arranged to the forming face of these secondary 
light sources, respectively. The polarizing plates 39A-39D are arranged, respectively to the 
reticle side of these variable aperture diaphragms 38A-38D. In drawing 5 , only the variable 
aperture diaphragms 13A and 13B and the polarizing plates 39A and 39B have appeared. 
[0038]It is moderately condensed through the auxiliary condenser lens 40, the mirror 41, and 
the main condenser lens 42, respectively, and the illumination light which penetrated and 
ejected the polarizing plates 39A-39D from these variable aperture diaphragms 38A-38D 
illuminates the reticle 12 with almost uniform illumination. The pattern of the reticle 12 is 
transferred with the predetermined reducing magnification beta according to the projection 
optical system 13 by the wafer 14 on wafer stage WS. The polarization direction of these 
polarizing plates 39A-39D is parallel to the tangential direction of the circumference 
centering on the optic axis AX. For example, the chief ray 43A of the light flux which 
penetrates the polarizing plate 39A and is ejected from the variable aperture diaphragm 38A 
enters aslant to the optic axis AX on the reticle 12. where linear polarization is carried out in 
the direction vertical to space; The polarizing plates 39A-39D shown in drawing 5 are 
substantially formed in the front side focal (light source side focus) position of a condenser- 
lens system of the constructional system of the auxiliary condenser lens 40 and the main 
condenser lens. 

This position is the pupil surface 10A of the projection optical system 13, and conjugate 
substantially. 

[0039]Also by this example, the contrast of the projection image on the wafer 14 of the line 
and space pattern of the predetermined direction of [ on the reticle 12 ] is improvable. Since 
the fly eye lenses 34A-34D of the 2nd group other than the fly eye lenses 37A-37D of the 
1st group are formed, the homogeneity of the illumination on the reticle 12 is improved 
further. In drawing 5 . the polarizing plates 39A and 39B may be arranged in the positions 44A 
and 44B between relay optical systems, respectively, and also may be arranged in other 
positions. When the illumination light from the light source 20 is already linear polarization, 
1/2 wavelength plate may be used instead of the polarizing plates 39A and 39B, 
C0040]Next, with reference to drawing 6 and drawing 7 , it explains per 3rd working example of 
this invention. This example changes the spatial filter 24 of the 1 st working example shown in 
drawing 3 explained previously, and shows the example which formed the spatial filter 240 
which has the opening 240a of the shape of**** zona orbicularis shown in drawing 6 (a) in 
the ejection side of the fly eye lens 23. By arrangement of this spatial filter 240, to the 
ejection side of the fly eye lens 23. As shown in drawing 6 (a), the secondary light source 45 
of the shape of zona orbicularis which carried out eccentricity from the optic axis AX is 
formed, and the light from the secondary light source 45 of the shape of this zona orbicularis 
reaches the pupil surface 10A (entrance pupil side) of the projection optical system 13 via 
the condenser lens 26 and the reticle 1 2, as shown in drawing 3 , If the situation of the zero- 
order diffracted light and the primary diffracted light by diffraction operation of the line and 
space pattern of the reticle 12 is considered here in order to explain simply, As shown in 
drawing 6 (b), the primary diffracted light 45B of the shape of zona orbicularis to which the 
strike slip of the zero-order diffracted light 45A of the shape of zona orbicularis [ **** / the 
zona-orbicularis light source 45 ] and the zero-order zona-orbicularis-like diffracted light 
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45A was carried out is formed in the pupil surface 10A of this projection optical system 13. 
[0041]In this case, in this example, as shown In drawing 7 (a), the polarizing plate 250 of the 
shape of zona orbicularis which polarizes the illumination light ejected from the secondary 
light source 45 of the shape of zona orbicularis of the equivalent light source part 10 to the 
tangential direction of the circumference centering on the optic axis AX, respectively is 
formed on the spatial filter 240. Thereby, the image of high contrast can be acquired to a 
minute pattern. As shown in drawing 7 (bX the polarizing plates 250A-250H are formed on 
each zone using the spatial filter 240 with the opening which divides a zona-orbicularisHike 
light source into each circular zone, and it may be made to become the illumination light of 
the linear polarization of the tangential direction of the circumference centering on the optic 
axis AX for every zone. 

[0042]As for this invention, it is needless to say that various composition can be taken in the 
range which is not limited to above-mentioned working example and does not deviate from 
the gist of this invention. 
[0043] 

[Effect of the lnvention]Since according to the 1st and 2nd illumination optical devices of 
this invention it inclines to an object and the entering illumination light is polarizing in the 
direction vertical to an entrance plane. When the pattern on the object is a line and space 
pattern which makes a longitudinal direction a direction vertical to the entrance plane of the 
illumination light, and the pattern of the object is projected by a projection optical system, 
there is an advantage which can improve the contrast of the image substantially. 

[Translation done.] 
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* NOTICES* 

JPO and INPIT are not responsibte for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings* any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he figure showing the equivalent light source which presents explanation of the 
principle of the illumination optical device by this Invention with (a), and (b) are the outline 
lineblock diagrams showing the projection aligner which uses the equivalent light source of 
drawing 1 (a). 

[Drawing 2] It is a figure with which explanation of the principle of this invention is presented. 
[Drawing 3] It is a lineblock diagram showing the illumination-light study system of the 
projection aligner of the 1st working example of this invention. 

[Drawing 4] The front view in which (a) shows the spatial filter 24 and the polarizing plates 
25A-25D of drawing 3 . and (b) are sectional views which meet AA line of drawing 4 (a), 
[Drawing 5] lt is a lineblock diagram showing the projection aligner of the 2nd working example 
of this invention, 

[Drawing 6] They are a figure in which (a) shows the equivalent light source and the spatial 
filter 240 of the 3rd working example of this invention, and a figure showing the situation of 
the diffracted light in the pupil of the projection optical system 13 by (b) having used the 
spatial filter 240. 

[Drawing 7] The figure in which (a) shows the polarization condition of the illumination light 
from the equivalent light source of the 3rd working example, and (b) are the figures showing 
the equivalent light source of the modification of the 3rd working example. 
[Drawing 8] The figure in which (a) shows the equivalent light source of two or more oblique 
illuminations, and (b) are the figures showing the situation of the diffracted light in the pupil 
of the projection optical system 13 at the time of using the equivalent light source of drawing 

[Drawing 9] It is a figure showing the case where two or more specific patterns are 
illuminated with oblique illumination. 
[Description of Notations] 
10 Equivalent light source 
1 1 A-1 1 D Small light source 

12 Reticle 

1 3 Projection optical system 

14 Wafer 

20 Light source 

22 Collimating lens 

23 Fly eye lens 

24 Spatial filter 
24a-24d Opening 
25A-25D Polarizing plate 
26 Condenser-lens system 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document lias been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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G03F 7/20 521 
[Written Amendment] 

[Filing date]Heisei 11(1999) December 21 (1999.12.21) 

[Amendment 1] 

[Document to be Amended]Description 
[Item(s) to be Amended]Title of invention 
[Method of Amendment] Change 
[Proposed Amendment] 

[Title of the Invention]An exposure method using an illumination optical device and this 
device 

[Amendment 2] 

[Document to be Amended]Description 
[Item(s) to be Amended]Ciaims 
[Method of Amendment]Change 
[Proposed Amendment] 

[Claim(s)] 

[Claim 1]In an illumination optical device which illuminates a predetermined region on an 
object uniformly by illumination light from an illumination-light study system. 
An illumination optical device comprising: 

Tilted light means forming in which said illumination-light study system forms tilted light 
which illuminates said predetermined region from an oblique direction. 

A polarization means which forms illumination light which carries out linear polarization in the 
direction which intersected perpendicularly to an entrance plane of said tilted light which 
changes this tilted light and carries out oblique illumination of said predetermined region. 

[Claim 2]In an illumination optical device which has a light source which supplies illumination 
light, and a condensing optical system which illuminates a predetermined region on an object 
uniformly by this illumination light. 
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Tilted light means forming which forms a secondary light source which carried out 
eccentricity to an optic axis of said condensing optical system by said illumination light, and 
illuminates said predetermined region from an oblique direction is arranged between said light 
source and said condensing optical system, 

An illumination optical device having changed this tilted light and having arranged a 
polarization means which forms illumination light which carries out linear polarization in the 
direction which intersected perpendicularly to an entrance plane of tilted light which carries 
out oblique illumination of said predetermined region between said tilted light means forming 
and said condensing optical system. 

[Claim 3] An exposure method illuminating reticle as said object using the illumination optical 
device according to claim 1 or 2, and transferring a pattern of said reticle. 
[Amendment 3] 

[Document to be Amended]Description 
[Item(s) to be Amended]0012 
[Method of Amendment]Change 
[Proposed Amendment] 

[0012]Although above-mentioned explanation explained the case of two or more oblique 
illumination method as an example, even when zona-orbicuiaris illumination etc. are used, for 
example, to improve the contrast of an image more is desired. In the exposure method which 
uses the illumination optical device and such an illumination optical device w hich illuminate 
reticle etc. using positively the illumination light toward which this invention inclined to the 
optic axis in view of this point, When patterns, such as the reticle, are line and space 
patterns which make a longitudinal direction a direction vertical to the entrance plane of the 
illumination light. It aims at enabling it to improve the contrast of the image with the device 
by the side of an illumination optical device, when patterns, such as the reticle, are projected 
by a projection optical system. 
[Amendment 4] 

[Document to be AmendedjDescription 
[Item(s) to be Amended]0014 
[Method of AmendmentjChange 
[Proposed Amendment] 

[0014]In the illumination optical device with which the 2nd illumination optical device has a 
light source (20) which supplies the illumination light, and a condensing optical system (26) 
which illuminates the predetermined region on an object (12) uniformly by this illumination 
light as shown, for example in drawing 3. The tilted light means forming (24) which forms the 
secondary light source which carried out eccentricity to the optic axis of the condensing 
optical system by the illumination light, and illuminates the predetermined region from an 
oblique direction is arranged between the light source (20) and its condensing optical system 
(26), This tilted light is changed and the polarization means (25B, 25C) which forms the 
illumination light which carries out linear polarization in the direction which intersected 
perpendicularly to the entrance plane of the tilted light which carries out oblique illumination 
of that predetermined region is arranged between that tilted light means forming (24) and its 
condensing optical system (26). The exposure method by this invention illuminates the reticle 
as the object using the illumination optical device of this invention, and transfers the pattern 
of the reticle. 
[Amendment 5] 

[Document to be Amended]Description 
[Item(s) to be Amended] 0028 
[Method of AmendmentjChange 
[Proposed Amendment] 
[0028] 

[Example] Hereafter, with reference to drawing 3 and drawing 4, it explains per 1st working 
example of this invention . This example applies this invention to the illuminationHight study 
system of a projection aligner. Drawing 3 shows the illumination-light study system of the 
projection aligner of this example, the illumination light from the light source 20 which 
consists of mercury lamps is condensed with the elliptic mirror 21 in this drawing 3, and this 
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condensed illumination light enters into the fly eye lens 23 (optical integrator) via the 
collimating lens 22. The secondary light source of surface state is formed in the focal plane 
by the side of ejection of the fly eye lens 23 (reticle side). 
[Amendment 6] 

[Document to be AmendedjDescription 
[Item(s) to be Amended]0043 
[Method of Amendment]Ghange 
[Proposed Amendment] 
[0043] 

[Effect of the Invention]In this invention, the illumination light which inclines and enters to an 
object is polarizing in the direction vertical to an entrance plane. 
Therefore, when the pattern on the object is a line and space pattern which makes a 
longitudinal direction a direction vertical to the entrance plane of the illumination light, and 
the pattern of the object is projected by a projection optical system, there is an advantage 
which can improve the contrast of the image substantially. 



[Translation done.] 
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4^ftmi 1 B~i 1 Dt^^comt. mi (a) co^eiico 

UBiEi^LXmi (b) <DU9^)Vl 2icX^t?>o 
[0 0 18] ^/-c. Lx^^^iH 2*^e<D0^ls}*if7t (C 

n^tf?^ 1 5 AT-g-T) St; 1 :kMm 1 6 At±^^ 

X. rnyhyxhmmmmmxh^o 

[0 0 19] cniC^LX, ^(DU^^Jll ZicB^-tE 

inrcf^^~yt)\ mi (a) Ox' micmur^-nmn^ 

\^^'7^y 'jyY • x^—7./^^—yQXh^iit^ 20 

'ham 1 ki:i^^(Dmm 1 5 a© 1 ^^m^mtm 

^^^^1 3tDfflF*gtcA§(ii:tc^§o 01 (b) * 

I s (x) = I u s (x) r , 

Vs (x) =ao - exp [-1 (2n/A) (sin9o ) x] 
+ ai 'exp [— i {.2 n/ \) (sin0 i) x] 

[0 0 2 1] tJfoT. 3Sig3i-^I s (x) ti:^>c©cl;^{i: i« [|Sc6] 

Is (x) = ao +81 
+ 2ao ai - cos C(2;i/'A) (sin0o — sinQi ) x] 
CCT, -^ISCao St>°a, {i^n^'tlO^HJ/TTl^^it^l 30* [i(7] 0 8 = 2303./ (2ao' + ai') 

'AmWito^i iWm) -efe^o x' y5\^ic\£y^^^ [0022] -u. pfiTtoii^ti. Mt^© x bJc^^- t . 



(b) icmtiioic. tcomm^l SAtOO^IsI^^l 

5 Asa' 1 :kmifx^ 1 5 b {i^tc^^;^,^] (m.'^^^ h 

mi (h) (Dmmicmm^yof^icM^^^ h;itimm 

X'&^o ii^oT, -i/x/M 4±lC*5tt5T^^ 

[0 0 2 0] dc-e, fi7te;^iPitcJ;S3SS^*og^ffi 

5 kms I ^Am^it 1 6 A <DAM^^^n€'n 0 » 
01 -r § <!; , s m%<Dm'^<D{Mm±.<omm'9^^ i s 

(x) [tWm^^lis (x) ^ffll^T^^Ock^tCffi^tC 
[^i(5] 



4 OCD/Jn 
Up(x) = (ao • exp 



±o*g^s53-fl5 u p (x) ^^^h;VTgLT. x^^^i: 

★ [S(8] 
[—1 (2;i/A) (sin flo ) x] ♦cos 0o 
+ ai -exp [— i (2;r/A) (sin 0i ) x] -cos 0i , 
ao "exp [—1 i2n/X) (sin 0o ) x] • sin flo 
+ ai 'exp [—1 {2 n / X) (sin 0i ) x] -sin 61 ) 
[0 0 2 3]tifoT. P<i?t<D^-a-«fiffi±€)5SS^^^ 40^ [3^9] 
I p (x) {rA<D^o^Z^^^o 

I p (x) = I Up (x) r 

2 2 

= ao +ai +2ao ai 

X (cosSo cosSi +sin0o sin0i ) 
xcos { {2 n/X) (sinSo -sin9i ) x] 

2 2 

Cp = 2ao ai cos (0o — 0i )/(2ao +ai ) 
(St?) t (MlO) t^]m.LX. V{mft<0^^\t. ti^^o m^ii. sin 00 =0. 4. sin0i =- 

3>hvXh*^cos (00 -01 ) {gilife§c:i:A'«^ 50 0. 4CD^^^#^§i:, cos (0o -0. ) =0. 



(5) 

7 

#x.e.ti§<D-e> nyh^xhti (1/2) (1+0. 
6 8) =0. 8 4T'*So 

[00 2 5] cOcfc^fc, S{i^h'r?)i:i:(i:cfct), 3 
yh^7.hlc±trj:^tl^±\^^o fiP-S, lai (a) ©J: 

[0 0 2 6] cn^T-tijglSrMi^MWS^fi^lJtCi; 

m^imi (a) {c;^-rc);3{c, nfi^iggpi o<d 

[0 0 2 7] ^iC. *MB^Om2cD.TO^#^M{Ccfctl 

v>5o ^<D2:^^7tM^^iJ^{^@l (a) cDHfiT^jil 0 

-So 

[0 0 2 8] 

mmyt^^.^TTsL. c(om3ici5\^^x. ym^yy^xK) 

v^7^iyyX23 (.tZfT^tDV^yy-^Xy-'^) K 

ij) (om!^miaimvi(02'^^mii^B^-$n^o 
[0 0 2 9] y^-f7-fiyyX2 3mmmrj5.icmii 

^n?n{i)t^S2 5A~2 sD^M^t-So fit, 03 

Xim^W.2 5 ERU2 5 CO**WTl^So 04 40 
(a) lill3 0SP^7'f;l'^-2 4^l/^^;H|iJA^P>l. 
/•ciE®^ 04 (b) ti04 (a) <DA AijgtC^^Kiffi 

mxh*). cn^mi (a) at; (b) icmtJi^oic 

SK7^';l/^-2 4^c^i^i|lliAX^|^l>L^^;LT^ 9 0° 

r4Pi-c4®cDrjflP2 4 a~2 4 dmMtti. cn^bm 

Di3^ttl^nm9t^2 5 A~2 5 DT'®t)nTl/>-S, ^ 
/c> ^n?>{i^t52 5 A~2 5 D(D{i^;^lPlt±^n^n 

®r»in2 4 a~2 4 d*^e.i^w^n'5BgB^7t{4. ^-n^ 50 
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\^icmmm^Lx\,^^o 

[0 0 3 0] msicMK). ^m7^?v^-z 4ic^<oye 
mAxicMLxm'bLr!z4m(O2'^ytut)m0i-^ti^o 

mytm2 5 A~2 5 D^mmLtcmc^ uy^y^-v 

yX^.2 6^mxU^^)ll ZlcXMt^o ^> 

yv— \yyxjk 2 6 (Dmmmi^ iytmrnrnj^) itmic 

It. ^rS7^Jl^^-2 4 «l7fe«2 5 A~2 5D) 

y^-uyx^z 6icmLx^my^)i-$^-z 4(Dmw 
sh7-ux^^(DM{Bcfe5o c©^^. m^tti^m 

y^jV'^-2 4<Dmn2 4 bRi>"2 4 c A^^if tts^n/t 

^ytm2 7 BRZf2 7 Cti3yxy-9--l/yX^2 6^ 

iST^n^ni^f^i'^H 2±t^|£&AXti:^tbT?4i6{<: 

X*f-r5o iltllb±ytm2 7 BRX} 2 7 Cit^tl 

[00 3 1] c(D^^rj:mmft^^.^i^m-r^t. 

B^<Dj!iSiJi^-eifi^L/c<i:3ti:. ^j^i^ug^^^n 2± 

ti:El4 (a) cDPjflP2 4 ai:2 4 c i:^|g^'iIiStci^L 

^o^!^W^ji=iyh^7.h<Di>tx^(D^^^-y^^B 

it^% \ 3^iibT-^x/M 4±tcis^i-^c:fc;b^-et 

§0 CdT', ia3(DSHTHi, 77-r7'<U'yX2 30 
XIMiJffii:tJi*ffi (b^^;H ZXti'i'x/M 4) 

m (.2^A'fm \ 0) tis^Tt^^i 3©iiffii oAt*^ 
tttatcM^^nrv^^o ia3<D^i^<Dftfitc, 7v 

^7^\yyX2 3 i:^P^7^';l/^-2 4 i:<Draf<:giJ(7);*c 
t'SrfSTtS^BBSU ^r^7'r;l/^-2 4<D4{@forjfln 

2 4 a ~ 2 4 d (D-g|5Xti^a5t 1 / 2 jfefi*5^iBK L 
^l/2Stftfe<D|Hllteft*il^-r§<fc9ti:LTfeJ; 
i/\ cntCckoTts 04 (a) tc^-rJ:^^^ ^IftA 

l/2l^fifetiSP^7'(';l/^-2 4<Dl-'^T(DP,aP 

[0 0 3 2] Mtc. m^iiitUt Lxm.wm%<r>v-f 

iltilcfcO. ^ii^iii:*503<D^r^7-f;bi5f-2 4(D 
;l/^-2 4<0 4fi(OP,aP2 4 a~2 4 d <D-g|5$rct4^ 

a(5tcji^*[5]^7a[pitD 1 / 2fesffi^^tt§/-ati?^ 
<i(o«^, -a5<Drjflptci/2Sifi«i^^tt§fctt 

^gPfDrjflP{ci/2MM1S*ISttS{$5*^ 
1 /2&MfiK>&{$fflLTfi^:^fS]>&iiMt/t^^ti:(±, 
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[0 0 3 3] sfc. ^i:^tLrpimyt(Dmmyt^^^-r 

[0 0 3 4] :kic. :$imM<Dm2mmmic-Dtm5^^ 
com 5 icis\:^x . ^mz oti'ib(D?mm^tmFim2 1 > 

[0 0 3 5] ^LT. '<y:fyhuyX2 9fpp)mic, 

•r§^2 0^ffi|*yUXA3 3^i5B-r§o il©^2CD 

[0 0 3 6] cne. 4fi{c^fij^n/c7t^^^n€n^ 

2gf©7'7-l'7-f UyXS 4 A, 3 4B. 3 4 C&t>"3 
4 D{cAI^$-ti-§o @5Tii75-r7-l'UyX3 4 AJ^ 
t/3 4 B<D*iA'«S^*tlTl/>-5*'!, 0 5 (DlfiffitSil^:^ 

lB]^i:7^f^^^^•e2f@£D7^^7-r^yX3 4 c:&a'3 

4 DA^EB^tlTV^-So ^LT. 7^-r7-l'U'yX3 4 30 

A*^P)|iftil^n/c7tm{±> l^yXl^S 5 klkX}3 6 A J; 

yX^ 3 5 B RD* 3 6 B ck "9 ^ F^^^^:^ LT 

{iTOf^^fc^^^nr^ 1 ^<D75-r7'r uyxs 
iBicxML. mTfs'^mr^i,. f^2m<Dyy-(7^u 
>X3 4 c&o'3 4 D^i*aiL/-c^*{±. ^n^n;yv 
F^^^^/^LT^lef<^7v^7-I'^'yX3 7 cj^t; 

3 7 DtCAIrf-r-So 40 
[0 0 3 7] ® ief(D79-r7-YU>'X3 7 A~3 7 D 

75'l'7-rUyX3 7 A~3 7 DcOU-^^^MiJ^if^ffitC 

yt.mcDBimic'tn'en^^mnm 38a~38d>& 

BBfifSo M(C, CnaPl^MPiKt) 3 8 A~3 8D<D 
b^^;l/{|iJtC^nWi7ttg3 9 A~3 9 D^EB-r 
«o 05T'l±nI^r»flPiB«D 1 3 A. 1 3 B&tfli 

7t^3 9A, 3 9B(D^timnX\^^^. 
[0 0 3 8] ^•tie>oI^F»aPS?t3 3 8A~3 8D*^P)ii 50 
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^1S3 9 A~3 9 D^mmLxMthLTcmm^it^ ttl 

'enmm=iy'fy^-iyyX4o. z^-4 iRxf±a 

y9y^-\yyX4 2-^m.x'm.\z.%%-^^x\yi-^ )\^ 

1 i^mtm-i'smm.xmm^. ^<Db^^;n 20 
©•>x/M 4tcm^«*i/j^^^/?T^^$nSo ^tie> 

fi^tgS 9 A~-3 9 D(Dfi^7^[R](i. ^fft A X^l^';L^h 

3 8 A;6^P)ji7tte3 9 A^jiiiLTlttH^n^Ttmoi 
^ijt4 3A{±, i|ftSJcMiS*;^|p]ti:iti^{i^Lfc:t»c^T' 

U^^;l/i 2±ti:7t$ftAX{cWtTf446tcAWf §0 & 

^3. 0 5tC^^t/'c{i7fe«3 9 A~3 9Dt±. SIMWlC, 

m^^iyy-'y-^-uyX 4 0 t±=iy'fy'>)--\yyXt 

(D-^m(Dziy7'y^-\^yXfk<omm^i^ mmmm 

1 3 (DSlffi 1 0 A ^«fST'S5o 
[0 0 3 9] *0iJlcJ:oTt>, Uf-^';H 2±®fi)T^'0 
l3\ui(D^^y • 7>'F • X^-X/^^f-yiD-i/XMl 4 

^C. ^lgf<D75-<7-rbyX3 7 A~3 7DcD{fitC^ 

2S¥cD75-r7'l'U>X3 4 A~3 4DA^Slt5>nTV^ 

TI/^5o ia5t:feV>T. <a7tffi3 9 ASa~3 9 B 

ti:^n^-'n^J;iti U U-^^l^<^)H(D{ig 4 4 ARth*4 

4 B{ciaBbTtck<. Mi^McDitLmicMWLX X 

<}:d^li^tcti^ mytU3 9 A&{/3 9 BOi-^t)t){i: 1 

/2iSMS^{^fflLTfeJ:v>„ 

[0 0 4 0] i^fc, 2j5:fgB^(D^3^]5SPtC-:)tll6Jit; 

3ic7fst^iMW(o^fsy^)\^^-2 4^^^x. m 
6 (a) ic^.tmtm^^<omn2 4 0 a^^t^^rs 

y^)l"$i-2 4 0^yy-^7'<UyX2 3(0limmcWL 

mmic^o. y^^T-cuyX2 3(D^mn^it. me 

(a) ic^tm<. miiAxi}^^m'bLrcmwvi<D2'A 
ftU4 5 m-^fS. ^ c (Dmmvi<D 2 4 5 e. co 

itt\ S3fc^fia]<, =iyr>-9--^:yX2 6. 

2^frLTi3^7^^lSl 3<DBiffil OA (AI^H 
^';H 2(D^^^^ • 7yF • 7.^-Xf^^-y<OM^{'f- 

m^^^^Q'-km^^t \:'!mmn.t(om=?-\L-o\,^xnx 

(b) tc/^fiiK, m^ytM4 5 mn^j^m^iiRoo^x 
^m^4 5Atm^^<Do:k^tfxyt4 sA^mtnt^i 
fcmmvio 1 'A^inye4 5 BA^jg^g^nSo 

[0 0 4 1] CCD^-a-, *^ij-e«@7 (a) tC^-fcfcd 
^flfi^iUgBl 0(011^4^0 2^^^1114 5 3b^?)|>ftti^ 

;^ip]{cjijfe$-&5Si^4^<o<S7t«2 5 ott^^my^ji^ 



(7) 
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fe. 07 (b) icmt o icm^iRytm^Fim^(D^v 

X. ^'/-y±lcmytU2 5 0 A~2 5 OH^mfT. 

[0 0 4 2] ^*3. :^mmii±v!^mmmim^ttit^ 

[0 0 4 3] 

^^y -jyY ' 7.^-7./^■^-yxh^^o1^J:m^ 

fc. m^'ft^ikx^(Dmw-<Df^'^~y^m^Lrct^\c 

^- colony h 5X h^:*:i|ii{c5JiST'tS$iMjt)^fe'5o 
[| 



12 



10 



[01] (a) {±*|g^tJ;§MW7t^gS<DJ!gIi<DSi 20 

H^tc#i-r§iiffi)^}g>&^>-r0, (b) (a) coii 

•So 

[02] *ii^(oigaoiKW{i:#^t-'50-eS'5o 

[04] (a) ti03(D^P^7i'-'l/^-2 4S.mmiS 
2 5 A~2 5Di&^-riEffi0> (b) 1*04 (a) cDA * 



[0 5 ] *fiw<D^ 2 ^s^6fi?lJ<D^s^M7t^tt>&^•r^s^ 
[06] (a) \.t^mm<Dm:imm\(ommwm.xs'S^ 

^7'i';i'^-2 4 o^^-r0> (b) ^±^P^71';^^S^- 
2 4 O^fflV^/c^fCj:^^]^^^?^ 1 3 OttT'<D|5Hff 

cD^i^^^-r0-e$)§o 

[07] (a) \i.mzmikm<Dmm^m-b^^<omm^<^ 

[08] (a) (±MI!(<tifW^(Dl|ffli^j!f,%/Ts-r0. 

(b) «08 (a) (Dmm^m^m\^^rcWi^<D^^%^ 
1^1 3Oii-ecD[pi*fT7id©ii?^5^-r0-e$>§o 

[09] wmmmmx^'^cDf^^-y^mmLtcm'^ 

1 0 n. 



1 1 A~i 1 D /J^^^i 

1 2 U^^;!/ 



7x/\ 



1 3 

1 4 

2 0 

2 2 n'J^-^U'yX 

2 3 

2 4 ^P^7i';l/^5f- 
2 4 a ~ 2 4 d MU 
2 5A~25D {iTt^ 
2 6 ::iy'fy^—\yyX% 



[01] 



[02] 






(o) 



[06] 




(8) 
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